The developmental expression of the glucose-dependent insulinotropic polypeptide (GIP) gene was investigated in rat intestine. Steady state levels of GIP mRNA were determined in the intestine during fetal and postnatal development by double ribonuclease protection assays. GIP mRNA could be detected as early as day 20 of embryonic development and very low levels remained until postnatal day 3. The GIP mRNA levels increased markedly in the period between days 3 and 5 of postnatal life and then gradually increased toward adult levels. Since intron 1 of the GIP gene contains putative TATA and CCAAT boxes, and some potential cis-acting promoter elements, we examined whether or not another transcript starting from exon 2 of the GIP gene is expressed during development of rat intestine. Ribonuclease protection assays suggested that although an abbreviated transcript might exist starting from exon 2, it appears to be minor and its relative abundance is unchanged during development or following intraduodenal glucose stimulation. These observations suggest that GIP may play an important role in early postnatal development probably associated with suckling.
The isolation and analysis of the cDNA and gene encoding GIP (9, 11, 14, 15) have led to a great interest in the physiology and the developmental expression of the gene. An ontogenic study of GIP by radioimmunoassay (16) suggested that immunoreactive GIP content in the small intestine increased after birth and reached peak concentrations in the first postnatal week. However, there has been no report of the developmental expression of the GIP gene. In the present study, we have described the expression of the GIP gene during embryonic and postnatal development by measuring intestinal GIP mRNA levels using sensitive and specific double ribonuclease protection assays with 28S ribosomal RNA (rRNA) as the internal control (17, 18) . In addition, because our previous analysis of the rat GIP gene (15) revealed that the translational start site (ATG) was located in exon 2 of the gene and intron 1 contained putative TATA and CCAAT boxes and several translational ciselements, we have examined whether or not another transcript starting from exon 2 is expressed during the development of rat intestine.
MATERIALS AND METHODS

Animals and RNA Isolation
Wistar rats at the following developmental stages were studied: fetal days 17 (E 17) and 20 (E 20) , and postnatal days 1, 3, 5, 7, 14, and 100 (PI-P100). Rats were killed and the intestines were removed, immediately placed in guanidinium thiocyanate buffer, homogenized using a polytron, and total RNAs were extracted by the acidphenol method (19) . Only total RNA samples at stage P100 were derived from small intestinal mucosa; other RNA samples at stages E17 through P14 were obtained from whole intestine including the muscle layers. Samples at stages E17 through P1 were individually combined from 2-4 fetuses or newborns, while samples at stages P3 through P100 were obtained from single animals. RNA concentrations were calculated on the basis of absorbance at 260 nm [1.0 optical density (0.D.) unit = 40 ug].
RNA Probes
Four GIP complementary RNA (cRNA) probes were used in this study. GIP cRNA 1 probe was made from a plasmid [Bluescript SK (+), Stratagene] containing a 303-nucleotide Sma I fragment of rat GIP cDNA, and was composed of the 303nucleotide GIP cRNA and 57 complementary plasmid-derived bases as described previously (15) . A 207-nucleotide Nco I fragment was reconstructed into the EcoR I/Not I site of the plasmid using Klenow fragment and T4 DNA ligase after digesting the GIP cDNA containing the Sma I fragment with Nco I/Not I. The GIP cRNA 2 probe was created using T3 RNA polymerase and 32P-rUTP after Sal I digestion ( Fig.  1) . A 164 nucleotide Sty I fragment was similarly reconstructed into the EcoR I/BamH I site of the plasmid, and the GIP cRNA 3 probe was created after Sal I digestion. GIP cRNA probes 1-3 contain 13 complementary nucleotides of exon 1 (Fig. 1 ). After digesting the GIP cDNA containing the 164 nucleotide Sty I fragment by Ava I, a 150nucleotide Ava I/Sty I fragment was similarly reconstructed into the Xho I/BamH I site of the plasmid by Klenow fill-in reaction and self-ligation. The GIP cRNA 4 probe was then created using T3 RNA polymerase and 32P-rUTP after BssH II digestion ( Fig.  1 ). This probe lacks all complementary nucleotides of exon 1 and only one complementary nucleotide (G) of the 5' end of exon 2. For quantitation of GIP mRNA, a 28S cRNA probe was used as an internal control (18) . The probe was synthesized similarly using T3 RNA polymerase, 32P-rUTP, and rat 28S cDNA template previously digested by Hind II. It contains 209 complementary bases of 28S rRNA (3405-3613) and 69 complementary plasmid-derived bases (17) . A 35S-labeled 1 kb ladder (Gibco BRL) was made using ot-35S dATP, three other dNTPs, and Klenow fragment. OX 174 DNA/Hinf I markers (Gibco, BRL) were end-labeled with 'y 32P-dATP.
Quantitation of GIP mRNA by Double Ribonuclease Protection Assays GIP mRNA levels in intestines of developing rats were evaluated with double ribonuclease protection assays. Twenty µg and 40 ng of total RNA were separately hybridized with a 32P-labeled GIP cRNA 1 probe (2 x 105 cpm/sample) and a 32Plabeled 28S cRNA probe (4 x 104 cpm/sample), respectively, in 20 µ1 of hybridization solution [80% formamide, 0.4 M NaC1, 40 mM PIPES (pH 6.4), and 1 mM EDTA (pH 8)] at 46°C overnight. Because 28S rRNA is extremely abundant, the specific activity of the 28S cRNA probe was lowered by diluting approximately 1:800 with unlabeled probe made using rUTP in place of 32P-rUTP in the transcription reaction. After hybridization, RNA samples were digested with ribonucleases A (40 µg/mi) and T1 (2 µg/ml) at 30°C for 1 h, and then each corresponding sample was combined and treated with proteinase K and sodium dodecyl sulfate (SDS). Protected hybrids were extracted with phenol/chloroform/isoamyl alcohol (25: 24: 1), ethanol-precipitated, and electrophoresed on a 5 % polyacrylamide/urea gel. Gels were exposed to Kodak X-Omat AR film (Eastman Kodak, Rochester, NY) at -70°C overnight with an intensifying screen. Protected bands of GIP and 28S cRNAs were analyzed by densitometric scanning using computer software. GIP gene expressions were estimated by ratios of two corresponding protected bands (GIP/28S).
Ribonuclease Protection Assays
Three assays were carried out similarly as described above. BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 32P-labeled GIP cRNA probes 2-4, at 45°C overnight. After digestion with ribonucleases A/T1 and treatment with proteinase K/SDS, protected hybrids were extracted, ethanol-precipitated, and electrophoresed on a 6 % polyacrylamide/urea gel. The gel was exposed overnight at -70°C.
RESULTS
Quantitation of GIP mRNA
To determine the levels of GIP mRNA in rat intestine during development, quantitative ribonuclease protection assays were developed using 28S rRNA as an internal control. Each ribonuclease protection assay using either GIP or 28S cRNA probes revealed single protected bands of -298 or 201 nucleotides, respectively ( Fig. 2A and B). The actual sizes are considered to be 303 and 209 nucleotides, based on the predicted sizes from sequences of the GIP and 28S cRNAs. The differences in size estimation are likely due to the differences in mobility through polyacrylamide/urea gels between RNA and DNA molecules of identical size and the Klenow fill-in reaction of 35S-labeled 1 kb ladder DNAs. The suitability of the method was tested with autoradiograms from RNA blots of serially diluted total RNA. In the range of 2.5-40 i.tg or 5-80 ng of total RNA for ribonuclease protection assay with GIP cRNA or 28S cRNA probes, respectively, good linear correlations were observed between the amounts of total RNA applied to the gels and densitometric scans of the bans on the autoradiograms (Fig. 2C and D) . These data support the quantitation of GIP mRNA and 28S rRNA by this method.
Developmental Regulation of GIP mRNA Levels
The 5, and 9 ), 14 (lanes 2, 6, and 10), and 100 days (lanes 3, 7, and 11) , and rat intraduodenally stimulated by glucose (lanes 4, 8, and 12) were separately hybridized at 45°C overnight with 2 x 105 cpm of GIP cRNA probes 2-4, digested by ribonucleases A/TI, and followed by the same procedure as described in Fig. 3 . Lanes 1-4, 5-8, and 9-12 show protected bands with 32P-labeled GIP cRNA probes 2, 3, and 4, respectively. days 3 and 5 of postnatal life, after which GIP mRNA levels then increased gradually toward the adult level.
Alternative 5'-terminal Exons of The Rat GIP Gene During Development
To examine whether or not another GIP mRNA transcript starting from exon 2 is expressed during the development of rat intestine, three kinds of ribonuclease protection assays were performed ( Figs. 1 and 5) . The protection assay with GIP cRNA 3 probe showed several protected bands of -151 nucleotides or more of intestinal total RNA from postnatal rats aged 5, 14, and 100 days, and adult rat intraduodenally stimulated by glucose. It is worthy of notice that a minor band of -151 nucleotides was observed in all four samples, although the proportion of the band to all protected bands was apparently unchanged during development. Ribonuclease protection assay with GIP cRNA 4 probe showed several protected bands between 140 and 151 nucleotides. The largest band was 150 nucleotides in length as would be predicted ( Fig. 1) . Another protection assay with GIP cRNA 2 probe having the same 5' end as that of GIP cRNA probe 3, showed the same pattern of protected bands in all four samples (lanes 9-12 in Fig. 5 ). Therefore, the minor bands around 151 nucleotides in lanes 1-4 may be 151 nucleotides long and imply that a minor GIP mRNA transcript exists starting from exon 2. The relative abundance of the band compared to the other bands was unchanged during development or after intraduodenal glucosestimulation. The possibility exists, however, that several bands protected with the GIP cRNA 3 probe may not originate from short GIP mRNA transcripts but rather are transcripts that include exon 1 which hybridized incompletely with the GIP cRNA 3 probe due to the secondary structure of the GIP mRNA itself and were subject to partial ribonuclease digestion.
DISCUSSION
The regulation of GIP gene expression in rat intestine using double ribonuclease protection assays has shown that the rat GIP gene is developmentally regulated. The fidelity of the method has been well established as shown in Figure 2 . The present study revealed the onset of GIP gene expression occurred in late fetal gestation (day 20) and very low GIP mRNA levels persisted until postnatal day 3. This observation supports an ontogenic study of immunoreactive GIP in which the peptide hormone was detected in the intestine of fetal rat at the 20th day of gestation (16) . Interestingly, GIP mRNA levels increased during the period between days 3 and 5 of postnatal life. This change may be involved with suckling. Since carbohydrates and fats are the major stimulants of GIP release, it is possible that carbohydrates in milk may stimulate GIP gene expression in the intestine of newborn rats as it does in the intestine of adult rats (Higashimoto, Opera, and Liddle, unpublished data). Similar patterns of developmental expression have been observed in the gastrointestinal tract for the genes of other gastrointestinal hormones such as gastrin (20) , somatostatin (20, 21) , glucagon (22) , and secretin (23) .
We previously showed several potential cis-acting elements and two putative TATA boxes which are located in the 5'-flanking region and intron 1 of the rat GIP gene (15) . Furthermore, the cloned GIP cDNA [rGIPX111 (9), Fig. 11 has the same complementary 5'-end as that of exon 2 of the gene. Therefore, we sought to determine whether the GIP gene possesses two alternative promoters. The upstream and downstream promoters would be expected to give rise to transcripts containing six exons (exons 1-6) and five exons (exons 2-6), respectively. In most cases with alternative promoters, additional alternative splicing occurs in exons internal to heterogeneous termini (24, 25) . Some genes with alternative promoters in the 5'flanking region and intron 1, have internal alternative acceptor sites in exon 2 that lie upstream of the translation initiation sites (25) (26) (27) . Splicing at such sites results in the exclusion of a portion of exon 2. The rat GIP gene may be similar to these genes. The absence of internal alternative acceptor sites in exon 2 of the gene might be due to the short length of 22 nucleotides from the 5' end of exon 2 to the translation initiation site. Further promoter analysis will be needed to fully evaluate the alternative promoters. Nevertheless, as determined by ribonuclease protection assays, the major transcripts appear to include exon 1, and if alternative promoters do exist in the GIP gene they do not participate in developmental expression of GIP.
